The aim of the study was to identify Campylobacter species in a group of patients with chronic gastrointestinal problems and to investigate the relationship between the presence of Campylobacter spp. in stool samples and as well as the severity of chronic enteropathy. Twentysix dogs with chronic gastrointestinal problems were included in the prospective study. Each research subject had their stomach, duodenum, ileum, and colon examined endoscopically. A histopathological examination of the obtained biopsy samples was then performed, excluding other potential diseases. Stool samples were collected and then examined for the presence of Campylobacter spp. To evaluate the relationship between Campylobacter spp. occurrence and the intensity of chronic enteropathy, patients were divided into two groups; animals in the first group presented with no to mild inflammation whereas research subjects in the second group suffered from moderate to severe inflammation. Subsequently, the patients were divided based on positive or negative test results for Campylobacter spp. cultures. No significant relationship between the presence of Campylobacter spp. in stool samples and chronic enteropathy was found. In contrast to other previously published papers, our study showed a lower occurrence of Campylobacter upsaliensis.
Homeostasis of the gastrointestinal tract is secured by the relationship between the reaction to pathogens with commensal bacteria and other non-offensive antigens in the intestinal lumen (Luckschander et al. 2010 ). This tolerance is likely based on the presence of an antigen in context with other danger signals (Ettinger and Feldman 2005; Steiner 2008 ). Mucosal tolerance is also based on pattern recognition receptors which can detect bacteria and react accordingly as a result of patterns associated with pathogens or natural microflora .
The probable cause of chronic enteropathy (CE) in dogs is a loss of tolerance to antigens contained e.g., in food or intestinal microflora (German et al. 2003; Luckschander et al. 2006; Kleinschmidt et al. 2007 ). Damage to the intestinal barrier by any means (bacterial, chemical, physical) can lead to further exposure to antigens (Greger et al. 2006 ). This process is amplified by lower lymphocyte apoptosis (Dandrieux et al. 2008) .
The most common signs of CE include weight loss, recurrent vomiting, or diarrhoea (Kleinschmidt et al. 2007) . Other clinical signs can be ascites (in relation to hypoalbuminaemia) or mucous paleness in the case of gastrointestinal (GI) bleeding (German et al. 2003; Sturgess 2005) .
Biopsies of the GI tract are necessary for differentiating the types of inflammation in the intestinal mucosa (Rychlik et al. 2007) . It is often very hard to interpret these histological findings conclusively (Cave 2003; Schreiner et al. 2008; Steiner 2008) .
This study was performed to describe the occurrence of Campylobacter spp. in a population of dogs suffering from chronic enteropathy. This could help in the understanding of the pathogenesis and a successful treatment of this condition.
Materials and Methods
Research subjects of this study were dogs brought to the Small Animal Clinic of the University of Veterinary and Pharmaceutical Sciences Brno. These patients suffered from chronic gastrointestinal problems (i.e. they showed one or more signs thereof -anorexia, vomiting, diarrhoea, flatulence, borborygm, haematochesia, or weight loss). These symptoms had to be present for more than 3 weeks. Twenty-six dogs were included in the study, of which 16 were females and 10 were males. Altogether, they belonged to 15 different breeds (4 Yorkshire terriers, 3 German Shepherds, 2 Maltese dogs, 2 Weimaraners, 2 Chihuahuas, 1 Slovak Cuvac, 1 Chinese Crested dog, 1 Hungarian Short-Haired Pointer, 1 American Staffordshire Terrier, 1 Hanover Hound, 1 English Springer Spaniel, 1 Shetland Sheepdog, 1 Tibetan Mastiff, 1 Dachshund, 1 Labrador Retriever, 3 mixed breed dogs). These dogs were aged from 22 months to 12 years (mean age was 5.79 years; median age was 5.38 years).
A laboratory examination for the presence of Campylobacter spp. in stool samples was performed using standardized methodology (EN ISO 10272-1) in the Microbiology Laboratory of the Department of Meat Hygiene and Technology, Faculty of Veterinary Hygiene and Ecology of the University of Veterinary and Pharmaceutical Sciences Brno. Species identification was carried out by molecular biology methods. Extraction of DNA from bacterial cultures by the DNeasy ® Tissue kit (Qiagen, Germany) method was performed according to the manufacturer's protocol. Species identification of thermophilic Campylobacter spp. was performed by the PCR-RFLP analysis of the variable part of the gene 23S rRNA (Fermer and Engvall 1999) and co-identified by sequencing analysis of the Hsp60 gene (previously known as cpn60 gene) according to Hill et al. (2006) , which enables to identify both thermophilic and non-thermophilic Campylobacter spp.
In order to exclude other diseases, laboratory examinations (complete blood count, biochemical blood tests and parasitology examination of stool) were performed as well.
The patients then underwent endoscopic examination of the gastrointestinal tract; they were anaesthetized, intubated, and placed in left lateral recumbency. Flexible endoscopes (Olympus Evis Exera II -gastrovideoscope type GIF-XP180N and colonoscope type CF-Q165L) were used for the examination. An endoscopy score from 0 to 3 based on the visual observation of the mucosal condition was assigned. A score of 0 was set to be a physiologic mucosal finding. The presence of lightly fragile or slightly erythematous mucosa carried a score of 1. A score of 2 was assigned to a fragile hyperaemic mucosa and score of 3 was then designated as a highly fragile mucosa with ulcerations or a cobblestone presentation (Allenspach et al. 2007 ). Biopsy samples were taken using flexible biopsy forceps for work channels of 2 mm and a 2.8 mm diameter depending on the endoscope used. At least 12 biopsy samples were collected from the stomach (3 samples from each area -fundus, curvatura major, incisura angularis, and antrum pylori). The number of duodenal biopsy samples varied based on the size of the patient and the length of the endoscope used. In each case, at least 10 samples were collected. During ileoscopy and colonoscopy, at least 10 samples were collected from the whole length of the intestine. More samples were collected in case local changes were spotted in various parts of the examined organs; in such instances, the material for biopsy was collected from macroscopically changed tissues. All samples were fixed in a 10% buffered formaldehyde solution.
A histopathological examination was performed in the Laboratory of the Department of Pathological Morphology and Parasitology, Faculty of Veterinary Medicine, University of Veterinary and Pharmaceutical Sciences Brno. All samples were examined by a single pathologist with no information about the history, clinical signs or endoscopic findings. A histologic lesion severity system from 0 to 3 was established, with 0 being a normal histopathologic finding, 1 defined as a mild CE (with no disruption of mucosa present, also no fibrosis of the lamina propria observed). A score of 3 was defined as a severe CE (with distortion of mucosal architecture as necrosis, large-scale ulceration, fibrosis of the lamina propria). A score of 2 was characterized as a moderate CE and was assigned to histopathologic findings in between the previous CE groups (Jergens et al. 2003) .
The patients were divided into four groups based on the intensity of the inflammation found during endoscopy and the histopathological examination. In order to evaluate the data, a statistical analysis of contingency tables (Agresti 2012) was used. All the calculations described below were carried out in Matlab (version R2017a). The null hypothesis that there is no significant relationship between the presence of Campylobacter in faeces and the degree of nonspecific intestinal inflammation of individual organs was set against the alternative that such a relationship exists at the significance level of 0.05. Since some frequencies in the contingency tables were too small which would lead to a violation of the model assumptions, it was necessary to merge the individual levels of inflammation into two groups. For the purpose of testing the null hypothesis, Fisher's exact test was used.
Results
Microbiological tests confirmed Campylobacter spp. in 16 patients (61.5%) out of 26 examined dogs. Campylobacter coli was found in 5 dogs (19.2%), C. jejuni was identified in 5 dogs (19.2%), C. upsaliensis was confirmed in 1 case (3.8%), and in 5 dogs (19.2%) the species could not be identified.
Another aim of this study was to evaluate the relationship between Campylobacter spp. in the faeces, and the degree of non-specific inflammatory disease in the stomach, small intestine, ileum and colon of the subjects. The degree of inflammation was investigated using endoscopy as well as histopathological examination. Table 1 shows the difference between endoscopic and histopathological examination with regard to the degree of inflammation. The histology, which is generally considered to be a more reliable method, proves higher degrees of inflammation. Results of the endoscopy depend, to a great extent, on the veterinarian's subjective assessment which can differ from the more accurate histopathological examination. On average, the endoscopies showed milder degrees of inflammation than the histology eventually revealed. As mentioned above, in order to carry out the statistical analysis, particular degrees of inflammation had to be merged into two groups. The first group included healthy dogs or individuals with a mild form of inflammation (physiological reaction to dietary indiscretion, dietary mistakes, consumption of food contaminated by bacteria, organism-level stress responses). The second group contained patients with moderate to severe inflammation (i.e. with clinical manifestation of the disease). It was discovered that Fisher's test does not reject the null hypothesis of independence in all cases ( Table 2) . All the calculated P-values were significantly higher than the defined significance level of 0.05. The lowest P-value (0.19) was obtained in case of the histopathological examination of the small intestine. The relationship between Campylobacter spp. occurrence in faeces and the degree of chronic enteropathy of particular organs was not confirmed.
Discussion
In comparison with the study by Králová (2012) who found the prevalence of Campylobacter spp. in dogs to be 87.5%, this study showed only 61.5%. Figura (1991) reported a 13% prevalence of Campyblobacter jejuni in dogs, whereas Králová (2012) found it to be 66.9%. The prevalence of C. jejuni was found to be 19.2% in our study. We found a lower prevalence of C. upsaliensis. In our group, only 3.8% of samples were positive, compared to 20.9% of cases in the study by Králová (2012) . Figura (1991) reported the prevalence of C. upsaliensis in 27% of cases. Moreover, Sandstedt et al. (1983) found 64% of samples positive (63 samples out of 98 were C. upsaliensis positive). This may have been caused by the absence of younger patients in our research group. Hald et al. (2004) states that the incidence of Campylobacter spp. (especially of C. upsaliensis) culminates at 13 to 15 months of age. On the other hand, we found the occurrence of C. coli to be more frequent than Králová (2012) presented (19.2% vs. 7.4%) . In 5 of the patients (19.2%), the exact Campylobacter species could not be identified. In the study by Králová (2012) , this happened in 4.8% of cases. None of the patients suffered from a Campylobacter spp. simultaneous infection. Campylobacter concisus is mentioned as being connected in human medicine with some forms of IBD (Liu et al. 2018) ; in this study, it was not detected in any patients.
In our study, 68.7% of female dogs and 50% of male dogs proved to be Campylobacter spp. positive. Králová (2012) found 84.2% of females and 90.8% of males positive in her study.
The amount of different diagnostic methods of Campylobacter spp. can lead to variation in results. The number of patients was limited, as only 26 patients were examined in this study. In order to put these findings into context, Figura's study (1991) was used. In his study, only 30 dogs were involved. It might be useful to conduct an extensive study with a focus on the prevalence of C. upsaliensis among healthy dogs. Furthermore, the relationship of C. upsaliensis and CE should be examined thoroughly given the different percentage of its presence in our results and among subjects of other studies (Sandstedt et al. 1983; Figura 1991) . Recent study detected a difference in the bacterial microflora in dogs with CE and in healthy dogs (Xenoulis et al. 2008) . This research implies a correlation between the intestinal microflora and CE in dogs. Such a difference was also observed in humans with IBD (Ott et al. 2004; Takaishi et al. 2008) .
A statistical error might have occurred due to the small data file. Xenoulis et al. (2008) examined the impact of CE on the physiological composition of bacterial microflora in other animal species. This research showed a significantly lower prevalence of C. upsaliensis than other studies (Figura 1991; Králová 2012) .
Breed predisposition to CE is suspected; e.g., immunoproliferative enteropathy is common in Basenjis, Soft-Coated Wheaten Terriers suffer more frequently from proteinlosing enteropathy, and Boxers are prone to histiocytic colitis (German et al. 2003; Steiner 2008) . Several other breeds, such as the French Bulldog, Doberman, Mastiff, and Alaskan Malamute seem to be predisposed to histiocytic colitis as well (Stokes et al. 2001; Steiner 2008) . As for this research none of the predisposed dog breeds were present in the study.
In conclusion, the occurrence of C. upsaliensis was found to be lower than other studies show; our recommendation would be to proceed with research on the C. upsaliensis presence in dogs. We did not conclude that the severity of chronic enteropathy could be connected to Campylobacter spp. being present in faeces samples. The stage of inflammation assessed using endoscopy does not correlate exactly to the histopathological results. Endoscopy connected with histopathological examination of the GI tract is of the utmost importance for the diagnosis and staging of inflammation.
